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(57) A semiconductor device using, e.g., a fluorine 
containing carbon film, as an interlayer dielectric film is 
produced by a dual damascene method which is a sim- 
ple technique. 

After an dielectric film, e.g., an SiO a film 3, is de- 
posited on a substrate 2, the Si0 2 film 3 is etched to 
form a via hole 31 therein, and then, a top dielectric film, 
e.g. , a CF film 4, is deposited on the top face of the Si0 2 



film 3. If the CF film is deposited by activating a thin-film 
deposition material having a bad embedded material, e. 
9 > C 6 F 6 9 as < as a plasma, the CF film 4 can be depos- 
ited on the top face of the Si02 film 3 while inhibiting the 
CF film from being embedded into the via hole 31 . Sub- 
sequently, by etching the CF film 4 to form a groove 41 
therein, it is possible to easily produce a dual da- 
mascene shape wherein the groove 41 is integrated with 
the via hole 31 . 
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Description 

Technical Field 

[0001] The present invention relates generally to a 
method of manufacturing semiconductor device by a du- 
al damascene method. 

Background Art 

[0002] In order to achieve the high density integration 
of semiconductor devices, it has been developed to pro- 
vide devices, such as the scale down of patterns and 
the mu It i layering of circuits. As one of such devices, 
there is a technique for multilayering wiring. In order to 
provide a multi-layer metallization structure, a number 
n wiring layer and a number (n+1) wiring layer are con- 
nected to each other by means of a conductive layer, 
and a thin film called an interlayer dielectric film is 
formed in a region other than the conductive layer. This 
interlayer dielectric film is sometimes formed in a layer 
right above or further above a silicon substrate. 
[0003] As one of typical interlayer dielectric films, 
there is a Si0 2 film. In recent years, in order to more 
accelerate operation of devices, it has been required to 
reduce the dielectric constant of the interlayer dielectric 
film, and the material of the interlayer dielectric film has 
been examined. That is, the dielectric constant of Si0 2 
is about 4, and it has been diligently studied to dig up 
materials having a lower dielectric constant than that of 
Si0 2 . As one of such materials, it has been studied to 
put SiOF having a dielectric constant of 3.5 into practice. 
The inventor has taken notice of a fluorine containing 
carbon film (which will be hereinafter referred to as a 
"CF film") having a still lower dielectric constant. 
[0004] By the way, as a technique for simultaneously 
forming a groove wiring and a via plug, there is a dual 
damascene process. As methods of manufacturing 
semiconductor device using a low dielectric constant in- 
terlayer dielectric film by this process, supposed proc- 
ess flows, such as a method for etching a groove, a 
method for previously etching a via hole and a method 
for simultaneously etching a groove and a via hole by 
self alignment, are described in Monthly Semiconductor 
World, February 1998, pp. 108-114. 
[0005] Referring to FIGS. 17 and 18, the method for 
simultaneously etching by the self alignment will be 
briefly described. In FIG. 17(a), reference number 10 
denotes a first low dielectric constant interlayer dielec- 
tric film, 11 denotes an Si 3 N 4 layer, and 12 denotes an 
etching stopper layer of an Si 3 N 4 layer of an Si0 2 film. 
First, as shown in FIGS. 17(b) and 17(c), the etching 
stopper layer 12 is etched so as to have a hole pattern, 
in the figure, reference number 13 denotes a photore- 
sist. Then, on the top face of the etching stopper layer 
12, a second low dielectric constant interlayer dielectric 
film 14, in which a groove will be formed, and a hard 
mask 1 5 of an Si0 2 film are deposited in that order (see 



FIGS. 17(d) and 17(e)). 

[0006] Subsequently, as shown in FIGS. 1 8(a) and 1 8 
(b), the hard mask 1 5 is etched so as to have a groove 
pattern, and then, as shown in FIG. 1 8(c), the hard mask 

5 15 is used as a mask for carrying out etching to form a 
groove 1 4a in the second low dielectric constant inter- 
layer dielectric film 14. Then, the etching stopper layer 
12 is used as a mask for further continuing the etching 
to form a via hole 10a in the first low dielectric constant 

10 interlayer dielectric film (see FIG. 18(d)). In the figure, 
reference number 16 denotes a photoresist. 
[0007] However, the above described method re- 
quires, in total, four etching processes for the etching 
stopper layer 12, the hard mask 15 and the first and sec- 

15 ond low dielectric constant interlayer dielectric films 1 0 
and 14, so that the number of processes is large. In ad- 
dition, since the etching for the groove and the etching 
for the via hole are sequentially carried out, there is sup- 
posed a problem, such as the influence of excessive 

20 radicals due to the sudden decrease of the etched area 
from the groove to the via hole. 

[0008] Also in the process flow for forming a via hole 
after forming a groove and in the process flow for form- 
ing a groove after forming a via hole, the number of etch- 

25 ing processes is large, and it is required to carry out a 
process, which is not carried out in conventional etching 
processes, for treating a place which has been etched 
once, so that various problems are estimated. Thus, 
there are serious problems in that the dual damascene 

30 process is complicated in the present circumstances 
and has a bad throughput to increase costs. 

Disclosure of the Invention 

35 [0009] The present invention has been made in such 
circumstances, and it is therefore a principal object of 
the present invention to provide a method of manufac- 
turing semiconductor device using, e.g., a fluorine con- 
taining carbon film having a dielectric constant, as an 

40 interlayer dielectric film by a dual damascene method 
which is a simple technique. 

[0010] Therefore, the present invention is character- 
ized by the steps of: forming an dielectric film on.an ob- 
ject to be treated; etching the dielectric film to form a via 

45 hole therein; forming a top dielectric film of, e.g. , a fluo- 
rine containing carbon film, on a surface of the dielectric 
film, in which the via hole has been formed, using a thin- 
film deposition material having a bad embedded char- 
acteristic; and etching the top dielectric film to form 

50 therein a groove, in which a metal is embedded for form- 
ing a wiring, so that the groove contacts at least a part 
of the via hole. The expression "a bad embedded char- 
acteristic" means that the embedding of an dielectric film 
into a hole of an underlayer is bad since an object is the 

55 hole, although the embedding of an dielectric film into a 
groove is usually discussed. For example, the step of 
forming the fluorine containing carbon film is carried out 
by activating a thin-film deposition material, which in- 
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eludes a compound of carbon and fluorine and which 
has a bad embedded characteristic, e.g., hexafluor- 
obenzene, as a plasma. 

[0011] In addition, the present invention is character- 
ized by the steps of: forming an dielectric film on an ob- 
ject to be treated; etching the dielectric film to form a via 
hole therein; forming a top dielectric film having an etch 
selectivity, which is different from that of the dielectric 
film, on a surface of the dielectric film, in which the via 
hole has been formed; etching the top dielectric film to 
form therein a groove, in which a metal is embedded for 
forming a wiring, so that the groove contacts at least a 
part of the via hole; and etching the top dielectric film for 
a predetermined period of time after the etching of the 
top dielectric film is completed, so that the top dielectric 
film deposited in the via hole is etched to be removed. 
In this case, a thin film having an etch selectivity which 
is different from that of the dielectric film may be formed 
on the surface of the dielectric film, in which the via hole 
is formed, to form the top dielectric film on the thin film. 
The top dielectric film may be a fluorine containing car- 
bon film or a coating film. 

Brief Description of the Drawings 

[0012] 

FIG. 1 is a process drawing for explaining an outline 
of a method according to the present invention; 
FIG. 2 is a process drawing showing a concrete ex- 
ample of a method according to the present inven- 
tion; 

FIG. 3 is a process drawing showing a concrete ex- 
ample of a method according to the present inven- 
tion; 

FIG. 4 is a process drawing showing a concrete ex- 
ample of a method according to the present inven- 
tion; 

FIG. 5 is a process drawing showing a concrete ex- 
ample of a method according to the present inven- 
tion; 

FIG. 6 is a longitudinal sectional view showing an 
example of a plasma treatment system for carrying 
out a method according to the present invention; 
FIG. 7 is a process drawing for explaining the oper- 
ation of the present invention; 
FIG. 8 is a sectional view showing another example 
of a semiconductor device produced by a method 
according to the present invention; 
FIG. 9 is a process drawing showing another exam- 
ple of a method according to the present invention; 
FIG. 10 is a process drawing for explaining a meth- 
od for forming a coating film; 
FIG. 11 is an illustration for explaining the operation 
of another example of the present invention; 
FIG. 12 is a characteristic diagram showing the re- 
lationship between coating films, hard masks, etch- 
ing gases and dielectric films; 



FIG. 13 is a process drawing showing another ex- 
ample of a method according to the present inven- 
tion; 

FIG. 14 is a process drawing showing another ex- 
5 ample of a method according to the present inven- 
tion; 

FIG. 15 is a process drawing showing a further ex- 
ample of a method according to the present inven- 
tion; 

10 FIG. 1 6 is a process drawing showing a still further 
example of a method according to the present in- 
vention; 

FIG. 17 is a process drawing showing an example 
of a conventional dual damascene method; 
*s FIG. 18 is a process drawing showing an example 
of a conventional 'dual damascene method; and 
FIG. 1 9 is a table showing examples of substances 
forming dielectric films and their chemical structural 
formula. 

20 

Best Mode for Carrying Out the Invention 

[0013] First, referring to FIG. 1 , an outline of a method 
.according to the present invention will be described. In 

25 the method according to the present invention, an die- 
lectric film, e.g., an Si0 2 film 3, is deposited on a sub- 
strate 2 serving as an object to be treated, and the Si0 2 
film 3 is etched to form a via hole 31 . Thereafter, a top 
dielectric film of a thin-film deposition material having a 

30 bad embedded characteristic, e.g., a CF film 4, is de- 
posited on the top face of the Si0 2 film 3. Then, the CF 
film 4 is etched to form a groove 41 to produce a dual 
damascene shape which is integrally formed by the 
groove 41 and the via hole 31 . Furthermore, the dielec- 

35 trie film on the substrate 2 may be an dielectric film 
formed on a so-called Si substrate which is arranged in 
the lowest layer of a semiconductor device having a mul- 
ti-layer metallization structure, or an interlayer dielectric 
film formed in a number n wiring layer and a number 

40 (n+1) wiring layer which are upper layers. 

[0014] In this method, since the CFfilm 4 is deposited 
on the top face of the Si0 2 film 3 while inhibiting the CF 
film from being embedded into the via hole 3 by using 
the thin-film deposition material having the bad embed- 

45 ded characteristic, it is possible to. easily form the dual 
damascene shape if the groove 41 is subsequently 
etched. The groove 41 is filled with copper (Cu) or alu- 
minum (Al) for forming a wiring layer of Cu or Al, and the 
via hole 31 is filled with a metal for connecting upper 

so and lower wiring layers to each other. 

[0015] Referring to FIGS. 2 through 5, an example of 
a method of manufacturing semiconductor device 
wherein an Si0 2 film and a CF layer are stacked and a 
via hole and a groove are formed in the Si0 2 film and 

55 the CF f ilm, respectively, according to the present inven- 
tion, will be described below. First, as shown in FIG. 2 
(a), an Si0 2 film 3 having athickness of, e.g., about 7000 
angstroms, is formed on the surface of a substrate 2. 
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This Si0 2 film 3 is formed by activating a thin-fiim dep- 
osition gas as a plasma in a plasma treatment system 
utilizing, e.g., the ECR (Electron Cyclotron Resonance). 
[0016] Referring to FIG. 6, the plasma treatment sys- 
tem will be briefly described. In this system, a high-fre- 
quency wave (a microwave) of, e.g., 2.45 GHz, is sup- 
plied from a high-frequency power supply part 53 into a 
vacuum vessel 5, which comprises a first vacuum cham- 
ber 51 and a second vacuum chamber 52, via a 
waveguide 54 and a transmission window 55, and a 
magnetic field having an intensity of 875 gausses in the 
vicinity of an ECR point P is formed so as to extend from 
the first vacuum chamber 51 to the second vacuum 
chamber 52 by a main electromagnetic coil 56 and an 
auxiliary electromagnetic coil 57 which are provided 
around the first vacuum chamber 51 and on the bottom 
side of the second vacuum chamber 52, respectively. 
Thus, the interaction between the magnetic field and the 
microwave causes an electron cyclotron resonance at 
the ECR point P. 

[0017] When the Si0 2 film is formed by this system, 
a semiconductor wafer W serving as a substrate 2 is 
mounted on a mounting table 61 which is provided in 
the second vacuum chamber 52 and which has a top 
face formed as an electrostatic chuck, and a bias volt- 
age is applied to the mounting table 61 from a high-fre- 
quency power supply part 62. Then, while the interior of 
the vacuum vessel 5 is evacuated via an exhaust pipe 
58, plasma gases, e.g., argon (Ar) gas and oxygen (0 2 ) 
gas, are introduced into the first vacuum chamber 51 via 
a plasma gas supply pipe 64 at flow rates of 150 seem 
and 120 seem, respectively, and a thin-film deposition 
gas, e.g., SiH 4 gas, is introduced into the second vacu- 
um vessel 52 via a thin-film deposition gas supply part 
64 at a flow rate of 70 seem, so that the thin-film depo- 
sition gas is activated as a plasma by the electron cy- 
clotron resonance to form an Si O a film 3. 
[0018] Then, a process for forming a via hole 31 in the 
SiO a film 3 is carried out. That is, first, as shown in FIG. 
2(b), a resist 71 is applied on the top face of the Si0 2 
film to expose and develop a predetermined via hole 
pattern. Subsequently, as shown in FIG. 2(c), in an etch- 
ing system (not shown), a gas of a compound containing 
carbon (C) and fluorine (F) (which will be hereinafter re- 
ferred to as a "CF containing gas"), such as CF 4 gas or 
C 4 F 8 gas, is used as an etching gas to etch the SiO a 
fiim 3 to form therein a cylindrical via hole 31 having a 
diameter of, e.g., about 0.5 |im. Thereafter, as shown in 
FIG. 2(d), 0 2 gas or hydrogen (H 2 ) gas is used for ash- 
ing and removing the resist 71 . 

[001 9] Then , a process for forming an adhesion layer 
on the surface of the Si0 2 film 3, in which the via hole 
31 has been formed, is earned out (see FIGS. 3(a) and 
3(b)). This adhesion layer is provided between the Si0 2 
layer and a CF film 4, which will be described later, for 
inhibiting the CF film 4 from being peeled off from the 
Si0 2 film3. In this example, the adhesion layer is formed 
by stacking a silicon nitride film (which will be hereinafter 



referred to as an "SiN film") 81 having a thickness of, e. 
g., about 100 angstroms, and a silicon carbide (which 
will be hereinafter referred to as an "SiC film") 82 in that 
order. The SiN film 81 is a film containing nitrogen (N 2 ) 
5 and silicon (Si), and the SiC film 82 is a film containing 
C and Si. In this example, in the SiN film 81 , the ratio of 
the number of Si atoms to the number of N atoms is pref- 
erably 1 or more. Throughout the specification, the SiN 
film and the SiC film do not mean that the ratio of Si to 
io N and the ratio of Si to C are 1 : 1 . 

[0020] The SiN film 81 and the SiC film 82 are depos- 
ited in, e.g., the plasma treatment system. The SiN film 
81 is formed by introducing a plasma gas, e.g., Ar gas, 
and thin-film deposition gases, e.g., SiH 4 gas and N 2 
15 gas, at flow rates of 200 seem, 1 0 seem and 6.5 seem, 
respectively to activate the thin-film deposition gases as 
plasmas at a microwave power of 2.4 kW (the high-fre- 
quency power supply part 53), at a bias power of 0 kW 
(the high-frequency power supply part 62) and at a sub- 
strate temperature of 350 °C (see FIG. 3(a)). The SiC 
film 82 is formed by introducing a plasma gas, e.g., Ar 
gas, and thin-film deposition gases, e.g., SiH 4 gas and 
C 2 H 4 gas, at flow rates of 200 seem, 10 seem and 15 
seem, respectively to activate the thin-film deposition 
gases as plasmas at a microwave power of 2.4 kW, at 
a bias power of 0 kW and at a substrate temperature of 
350 °C (see FIG. 3(b)). 

[0021] Subsequently, as shown in FIG. 3(c), a proc- 
ess for forming a CF film 4 on the top face of the adhe- 
sion layer is carried out. That is, for example, in the 
above described plasma treatment system, the CF film 
4 is formed by using a thin-film deposition material, 
which is a compound of C and F and which has a bad 
embedded characteristic, e.g., hexafluorobenzene 
(C 6 F 6 ) gas, as a thin-film deposition gas to activate the 
thin-film deposition gas as a plasma. At this time, thin- 
film deposition conditions include flow rates of a plasma 
gas, e.g., Ar gas, and C 6 F 6 gas of 90 seem and 40 seem, 
respectively, a microwave power of 2.4 kW, a bias power 
of 0 kW and a substrate temperature of 300 °C to 350 
°C. 

[0022] If the CF film is thus deposited using C 6 F 6 gas, 
it is guesses that the CF film is deposited while main- 
taining a large molecular structure since C 6 F 6 gas is a 
gas of a compound having a benzene ring (an aromatic 
compound) which is a large molecule and has strong 
bonding. Therefore, as shown in FIG. 7(a), the CF film 
4 is deposited so as to project inwardly from the periph- 
ery of the via hole 31 , to gradually reduce the frontage 
of the via hole 31 to finally close the frontage (see FIG. 
7(b)), so that the CF film is not embedded in the via hole 
31 . Since no bias power is applied at this time, plasma 
ions are not drawn into the wafer W during the thin-film 
deposition, and the embedded characteristic of the CF 
film is further deteriorated, so that the CF film 4 having 
a thickness of, e.g., 7000 angstroms, is formed on the 
top face of the adhesion layer while thus inhibiting the 
CF film 4 from being embedded into the via hole 31 . Fur- 
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thermore, the deposition of the adhesion layer is also 
inhibited from being deposited into the via hole 31 since 
no bias power is applied and the thickness of the adhe- 
sion layer is 200 angstroms in total which is very small, 
[0023] Then, as shown in FIG. 3(d), a process for 
forming a hard mask 83 of, e.g., an SiC film, on the top 
face of the CF film 4 is carried out. This hard mask 83 
is used as a mask in place of a resist during etching of 
the CF film since the resist is usually made of an organic 
substance to be ashed with 0 2 gas or H 2 gas which are 
used as an etching gas during etching of the CF film. 
The hard mask 83 is provided between the CF film and 
the resist, and formed of an inorganic film which is not 
ashed with 0 2 gas and H 2 gas, e.g., an SiN film or an 
SiC film. 

[0024] The hard mask 83 is formed in, e.g. , the above 
described plasma treatment system, by introducing a 
plasma gas, e.g., Argas, and thin-film deposition gases, 
e.g., SiH 4 gas and C 2 H 4 gas, at flow rates of 200 seem, 
10 seem and 15 seem, respectively to activate the thin- 
film deposition gases as plasmas at a microwave power 
of 2.4 kW, at a bias power of 0 kW and at a substrate 
temperature of 350 °C. 

[0025] Subsequently, a process for forming a groove 
41 in the CF film 4 is carried out. That is, as shown in 
FIG. 4(a), a resist 72 is applied on the top face of the 
CF film 4 to expose and develop a predetermined 
groove pattern, and thereafter, as shown in FIG. 4(b), a 
CF containing gas, e.g., CF 4 gas or C 4 F 8 gas, is used 
as an etching gas in an etching system (not shown) for 
etching the hard mask 83 to form a groove 83a therein. 
Then, as shown in FIG. 4(c), in an etching system (not 
shown), 0 2 gas or H 2 gas is used as an etching gas, 
and the hard mask 83 is used as a mask for etching the 
CFfilm 4 to form therein a groove 41 (see FIG. 1) which 
has a width of, e.g., about 1 .0 ujti and which extends in 
a direction perpendicular to the plane of the figure so 
that a part of the groove 41 is connected to the via hole 
31 . At this time, the resist 72 is ashed and removed with 
0 2 gas. 

[0026] Thereafter, as shown in FIG. 5, a process for 
filling the groove 41 and the via hole 31 with a metal, e. 
g., Cu. That is, for example, as shown in FIG. 5(a), a Cu 
layer 84 is formed on the surface of the hard mask 83 
to fill the groove 41 and the via hole 31 with Cu, and 
thereafter, as shown in FIG. 5(b), a CMP (polishing) 
process is carried out by means of a CMP (Chemical 
Mechanical Polishing) system (not shown) to polish and 
remove the undesired Cu layer 84 to produce a semi- 
conductor device wherein the groove 41 and the via hole 
31 are filled with Cu. 

[0027] In this method, as described above, the depo- 
sition of the SiN film 81 and the SiC film 82 into the via 
hole 31 is inhibited. Even if the SiN film 81 or the like is 
slightly deposited on the bottom portion of the via hole 
31 , the amount of the deposition is very small, so that it 
is etched with F produced from the CF film 4 during etch- 
ing for the groove 41 . Alternatively, the via hole 31 may 



be cleaned in a separate process to remove the depos- 
ited SiN film 81 or the like. In this case, a CF containing 
gas, such as C 4 F 8 gas or CF 4 gas, is used as a cleaning 
gas. 

s [0028] The method according to the present invention 
has been made by noticing a thin-film deposition mate- 
rial having a bad embedded characteristic, such as C 6 F 6 
gas. In the method according to the present invention, 
the Si0 2 film 3 is previously etched to form the via hole 

10 31 , and then, C 6 F 6 is used as a thin-film deposition gas 
for depositing the CF film 4, so that it is possible to de- 
posit the CF film 4 without embedding the CF film into 
the via hole 31 as described above. Therefore, if the CF 
film 4 is subsequently etched to form the groove 41 of 

is a predetermined pattern, it is possible to easily obtain a 
dual damascene shape. 

[0029] Thus, in the method according to the present 
invention, the number of etching steps and the number 
of metal film forming steps are small, so that the number 

20 of steps is small. |n addition, the Si0 2 film 3 and the CF 
film 4 are separately etched, and conventional methods 
can be used therefor, so that it is possible to carry out a 
stable operation. Therefore, since a semiconductor de- 
vice having a complicated dual damascene shape can 

25 be produced by a simple technique, it is possible to im- 
prove throughput, so that it is possible to reduce costs. 
[0030] In the above described example, the top die- 
lectric film, in which the groove 41 serving as a wiring is 
formed, is the CF film 4, and the dielectric film, in which 

30 the via hole 31 is formed, is the Si0 2 film 3. However, 
since a semiconductor device can be reduced if an die- 
lectric film between wiring parts has a low dielectric con- 
stant, such a construction is effective. 
[0031] In addition, as shown in FIG. 8, the present in- 

35 vention may be applied to the production of a semicon- 
ductor device wherein the top dielectric film, in which the 
groove 41 is formed, is not only the CF film, but the di- 
electric film, in which a via hole 91 is formed, is also a 
CF film. In this case, since the CF film having a low di- 

40 electric constant is used as the dielectric film, the die- 
lectric constant of the whole semiconductor device can 
be further reduced. In addition, since the same kind of 
dielectric films are stacked in such a semiconductor de- 
vice, adhesion therebetween is large, so that it is not 

45 required to provide any adhesion layers for inhibiting 
both films from being peeled off from each other. 
[0032] According to the present invention, the top di- 
electric film, in which the groove is formed, should not 
be limited to the CF film, it may be any one of dielectric 

50 films having a bad embedded characteristic wherein any 
via holes are not filled. 

[0033] Such dielectric films may include coating films 
having low dielectric constants, such as organic SOG 
(Spin on Glass) films; HSQ (Hydrogen Silsesquioxane) 
55 films, BCB (Bisbenzocyclobutene) films, polyimide 
films, F containing polyimide films, polyallyl ether fluo- 
ride films, Teflon films and cytop films. 
[0034] The dielectric film having the. bad embedded 
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characteristic may be formed by setting conditions, on 
which the dielectric film is formed, to be thin-film depo- 
sition conditions, on which embedded characteristics 
deteriorate. For example, in the case of a usually used 
plasma TEOS (tetraethoxysilane: Si(C 2 H 5 0) 4 ) t in the 
parallel plate plasma CVD method, the flow rate of 
TEDS is 1 00 seem, the flow rate of 0 2 is 100 seem, the 
substrate temperature is 330 °C, the distance between 
electrodes is 10 mm and the thin-film deposition pres- 
sure is 9 To rr or lower, so that the embedded character- 
istics can be extremely deteriorated. In addition, as an- 
other method for deteriorating the embedded character- 
istics, in the case of an Si0 3 film of plasma SiH 4 , when 
a high-density plasma CVD system, such as an ECR or 
ICP plasma CVD system, is used, e.g., when an ECR 
plasma CDD system (FIG. 6) is used herein, if flow rates 
of SiH 4 , C 2 and Ar are 100 seen, 500 seem and 150 se- 
em, respectively, if the substrate temperature is 380 °C 
and if the thin-film deposition pressure is 5 Torr or higher, 
the embedded characteristics can be extremely deteri- 
orated. 

[0035] As a further method for deteriorating the em- 
bedded characteristics, in the case of an SiOF film of 
plasma SiH 4 , when a high-density plasma CVD system, 
such as an ECR or ICP plasma CVD system, is used, 
e.g., when an ECR plasma CDD system (FIG. 6) is used 
herein, if flow rates of SiH 4 , 0 2 and Ar are 100 seem, 
500 seem and 150 seem, respectively, if the substrate 
temperature is 380 °C and if the thin-film deposition 
pressure is 7 mTorr or higher, the embedded character- 
istics can be extremely deteriorated. 
[0036] Thus, even if the prior art and conventional ma- 
terials are used, if thin-film deposition conditions capa- 
ble of deteriorating the embedded characteristics are 
used, an dielectric film having embedded characteris- 
tics, which is formed using the thin-film deposition con- 
ditions, may be used. 

[0037] In addition, dielectric films using parylene or 
methylsilane, e.g., Flowfill (produced by Trikon Technol- 
ogies Ltd.), may be used. The details of the dielectric 
films using methylsilane are described in "1998 DUMIC 
Conference, P31 1 ", and the details of the dielectric films 
using parylene are described in "SEMICONDUCTOR 
INTERNATIONAL June 96, P211". 
[0038] FIG. 19 shows the structural formulae of or : 
ganic SOG, polyimide, F containing polyimide, BCB, 
polyallyl ether fluoride, parylene-F, Teflon and cytop. 
[0039] The coating film is formed by supplying a pol- 
ymeric material, such as the above described organic 
SOG film, on the surface of the wafer while rotating the 
wafer, diffusing and applying the polymeric material on 
the whole surface of the wafer by utilizing the centrifugal 
force of rotation, and then, hardening the polymeric ma- 
terial by heat. In this case, if a solvent having a high 
surface tension is used or if adjustments, such as the 
increase of the number of revolution, are carried out, the 
coating film can be formed without being embedded into 
the via hole. 



[0040] Referring to FIG. 9, as an example of a case 
where a coating film is used as a top dielectric film, a 
semiconductor device wherein an dielectric film (which 
will be hereinafter referred to as a "bottom dielectric 

5 film"), in which a via hole is formed, is an Si0 2 film 3, 
and a top dielectric film, in which a groove is formed, is 
an SiLK film (trademark, of Daw Chemical, Co., Ltd.) 
1 00, will be described in detail below. 
[0041] FIG, 9(a) shows a state that the SI0 2 film 3 is 

io deposited on a substrate 2 and that a via hole 31 is 
formed in the Si0 2 film 3. The Si0 2 film 3 and the via 
hole 31 are formed by the same method as that in the 
above described preferred embodiment. Then, as 
shown in FIG. 9(b), a step of forming the SiLK film 100 

15 on the surface of the Si0 2 film 3 is carried out. As this 
- example, if the Si0 2 film 3 is used as the bottom dielec- 
tric film and if the SiLK film 1 00 is used as the top die- 
lectric film, it is not required to provide any adhesion lay- 
ers between the Si0 2 film and the SiLK film since there 

20 is good adhesion between the Si0 2 film and the SiLK 
film. 

[0042] Referring to FIG. 10, the deposition of the SiLK 
film will be described. First, for example, as shown in 
FIG. 1 0(a), while a wafer W is held on a holding member 

25 no which is rotatable in horizontal directions, a coating 
material 111 containing a thin-film deposition material 
for the SiLK film and a solvent for the thin-film deposition 
material is supplied to the surface of the wafer W. Then , 
as shown in FIG. 1 0(b), the wafer W is rotated in a hor- 

30 izontal direction to diffuse the coating material 111 over 
the whole surface of the wafer W by the centrifugal force 
of rotation. Subsequently, the wafer W is transferred to 
a baking system, which has a heating plate 113 in a 
process container 112, to be mounted on the heating 

35 plate 1 1 3. Then, a baking process is carried out at a tem- 
perature of, e.g., 140 °C, for a predetermined period of 
time to vaporize and remove the solvent. Thereafter, the 
wafer W is transferred to a heating system, which has 
a heating plate 115 in the process container 114, to be 

40 mounted on the heating plate 115. Then, a curing proc- 
ess is carried out at a temperature of, e.g., 400 °C, for 
a predetermined period of time to cause a polymeriza- 
tion reaction to solidify the coating material. Thus, the 
SiLK film 1 00 is deposited. In this case, the curing proe- 
ms ess may be carried out in a heat treating furnace. 

[0043] Then, as shown in FIG. 9(c), after a process 
for forming a hard mask 101 of, e.g., an Si0 2 film, on 
the top face of the SiLK film 1 00, a process for forming 
a groove in the SiLK film 100 by the same method as 

50 that in the above described preferred embodiment. That 
is, after a resist is applied on the top face of the SiLK 
film 1 00 to expose and develop a predetermined groove 
pattern, 0 2 gas or H 2 gas is used as an etching gas for 
etching the SiLK film 1 00 to form a groove therein. Then, 

55 a process for filling the groove and the via hole 31 with 
a metal, e.g., Cu, and the CMP process are carried out 
to produce a semiconductor device. 
[0044] The SiLK film 1 00 is thus formed by applying 
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the coating material 111 on the wafer W. By selecting 
coating conditions, such as the increase of the surface 
tension of the solvent and the rotation of the wafer W at 
a high speed, the coating material 111 can be diffused 
so as to close the frontage of the via hole 31 as shown 
' in, e.g., FIG. 11(a), and the SiLK film 100 can be applied 
while the coating material 111 is hardly filled in the via 
hole 31 (FIG. 1 1 (b)). Thus, when the amount of the SiLK 
film 1 00 adhering to the inner surface of the via hole 31 
is very small, the SiLK film in the via hole 31 can be 
removed at the step of etching the SiLK film 1 00. 
[0045] When the SiLK film is used as the coating film 
as this example, the hard mask may be any one of SiOF 
films, SiN films, TIN films, HSQ films, MSQ films, organic 
SOG films and coating films of porous silica, in addition 
to Si0 2 films, as shown in a list of FIG. 12. In addition, 
the bottom dielectric film may be any one of dielectric 
films containing Si, such as SiOF films and SiN films, 
HSQ films, MSQ films, organic SOG films and coating 
films of porous silica, in addition to Si0 2 films. 
[0046] In addition, the coating films used as the top 
dielectric film may be any one of BCB films (trademark 
of Daw Chemical Co., Ltd.), organic SOG films, HSQ 
films and MSQ films (trademark of Daw Chemical Co., 
Ltd.), FLARE films (trademark of Allied Signal Co., Ltd.) 
and porous silica, as described above, in addition to the 
above described SiLK film. Among these films, BCB 
films, organic SOG films, HSQ films, MSQ films and 
FLARE films are deposited by carrying out baking and 
curing processes after spin-coating with a coating ma- 
terial, similar to the SiLK film. In addition, porous silica 
is deposited by spin-coating with a coating material, gel- 
ling the coating material by.an aging process, and then, 
removing the solvent. 

[0047] The hard masks, etching gases and bottom di- 
electric films of these films are shown in FIG. 12. That 
is, the hard masks include Si0 2 films, SiOF films, SiN 
films, TiN films, HSQ films, MSQ films, organic SOG 
films and porous silica in the case of BCB films and 
FLARE films, and photoresists in the case of HSQ films 
and MSQ films. In addition, in the case of organic SOG 
films and porous silica, a photoresist is formed on the 
top face of the Si0 2 film since these films react with the 
photoresist. 

[0048] The etching gas is 0 2 gas or H 2 gas in the case 
of BCB films and FLARE films, and a CF containing gas 
in the case of organic SOG films, HSQ films, MSQ films 
and porous silica. Moreover, the bottom dielectric films 
include dielectric films containing Si, such as Si0 2 films, 
SiOF films and SiN films, HSQ films, MSQ films, organic 
SOG films and porous silica in the case of BCB films 
and FLARE films, and SiLK films, BCB films, FLARE 
films, CF films, Si0 2 films and SiN films in the case of 
organic SOG films, HSQ films, MSQ films and porous 
silica. In addition, when the coating film is used as the 
top dielectric film, an adhesion layer may be provided 
between the bottom dielectric film and the top dielectric 
film when adhesion between the bottom dielectric film 



and the top dielectric film is small. 
[0049] A semiconductor device comprising a bottom 
dielectric film of an Si0 2 film having a thickness of 5000 
angstroms, a top dielectric film of an SiLK film having a 
5 thickness of 5000 angstroms, a via hole having a diam- 
eter of 0.5 nm and a groove having a width of 0.4 p.m 
was produced by the above described process, and the 
cross sections of the via hole and groove were observed 
by a SEM (scanning electron microscope). As a result, 
10 it was confirmed that the SiLK film was not embedded 
into the via hole so that a dual damascene shape was 
formed. In addition, the top dielectric film was changed 
to each of a BCB film, an FLARE film, an organic SOG 
film, an HSQ film, an MSQ film and porous silica to pro- 
fs duce semiconductor devices in the same manner. As a 
result, it was confirmed that a dual damascene shape 
was formed. 

[0050] Thus, when the coating film is also used as the 
top dielectric film, it is possible to simply produce a sem- 
20 iconductor device having a complicated dual da- 
mascene shape according to the method of the present 
invention. 

[0051] Another preferred embodiment of the present 
invention will be described below. 
[0052] This preferred embodiment was made by find- 
ing that if bottom and top dielectric films are different 
kinds of dielectric films and have different etch selectiv- 
ities, even if the top dielectric film is deposited on a part 
or all of a via hole when the top dielectric fifm is formed, 
if an etching time is increased to some extent when the 
top dielectric film is etched, the top dielectric film in the 
via hole can also be removed. 

[0053] Referring to FIG. 1 3, as an example of this pre- 
ferred embodiment, a semiconductor device having a 
bottom dielectric film of an Si0 2 film 3 and atop dielectric 
film of a CF film 4 will be described in detail. FIG. 1 3(a) 
shows a state that after an Si0 2 film 3 is deposited on 
a substrate 2 to form a via hole 31 in the Si0 2 film 3 by 
the same manner as that in the above described pre- 
ferred embodiment, an SiN film 81 and SiC film 82 serv- 
ing as an adhesion layer are formed on the top face of 
the Si0 2 film 3. 

[0054] Then, a CF film 4 is deposited on the top face 
of the adhesion layer. This CF film 4 is formed in, e.g., 
the above described plasma treatment system, by using 
a plasma gas, e.g., Argas, and thin-film deposition gas- 
es, e.g., C 4 F 8 gas andC 2 H 4 gas, and activating the thin- 
film deposition gases as plasmas. At this time, thin-film 
deposition conditions include flow rates of Ar gas, C 4 F 8 
gas and C 2 H 4 gas which are 1 50 seem, 40 seem and 30 
seem, respectively, a microwave power of 2.7 kW, a bias 
power of 0 kW and a substrate temperature of 300 °C 
350 °C. 

[0055] If the CF film is thus deposited, C 4 F 8 gas is 
more easily deposited in the via hole 31 than C 6 F 6 gas 
since C 4 F 8 gas is a smaller molecule than C 6 F 6 gas. For 
example, C 4 F a gas is deposited on a part of the bottom 
or side wall of the via hole 31 , so that the CF film 4 is 
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deposited on a part of the via hole 31 . 
[0056] Then, as shown in FIG. 13(b), similar to the 
above described preferred embodiment, a hard mask 
83 of, e.g., an SiC film, is formed on the top face of the 
CF film 4, and a resist 72 is applied, exposed and de- 
veloped. Thereafter, as shown in FIG. 13(c), a CF con- 
taining gas is used as an etching gas for etching the hard 
mask 83, and subsequently, as shown in FIG. 1 3(d), the 
CF film 4 is etched. This etching of the CF film 4 is car- 
ried out in an etching system (not shown) using 0 2 gas 
or H 2 gas as an etching gas and using the hard mask 
83 as a mask. In this case, etching time is set to be long- 
er than the time required to etch the CF film 4, by a pre- 
determined period of time. The time required to etch the 
CF film 4 is determined by confirming the end point of 
etching by, e.g., the emission analysis of F or CF. 
[0057] If etching thus continues to be carried out for 
the predetermined period of time after the etching of the 
CF film 4 is completed, the CF film 4 existing in the via 
hole 31 is also etched and removed by a so-called over 
etching. At this time, since the Si0 2 film 3 and CF film 
4, in which the via hole 3 is formed, have different etch 
selectivities, the side wall of the via hole 31 is etched by 
the over etching without etching the Si0 2 film 3 with 0 2 
gas or H 2 gas, so that the shape of the via hole is not 
changed. Therefore, by adjusting the etching time for 
the CFfilm 4, it is possible to adjust the removed amount 
of the CF film adhering in the via hole 31 . For that rea- 
son, even if the CF film is deposited on a part or all of 
the interior of the via hole 31 during the deposition of 
the CF film 4, it is possible to form a dual damascene 
shape. 

[0058] In addition, this preferred embodiment can al- 
so be applied to a case where the top dielectric film is, 
e.g., a coating film, such as an SiLKfilm, a BCBfilm, an 
FLARE film, an organic SOG film, an HSQ film, an MSQ 
film or porous silica, or a parylene or methylsilane film, 
and the bottom dielectric film has an etch selectivity 
which is different from that of the top dielectric film. 
[0059] A semiconductor device comprising an dielec- 
tric film of an Si0 2 film having a thickness of 5000 ang- 
stroms, a top dielectric film of a CF film having a thick- 
ness of 5000 angstroms, a via hole having a diameter 
of 0.5 |im and a groove having a width of 0.4 jim was 
produced by the above described process by setting an 
etching time for the CF film to be 1 .3 times as long as a 
usual etching time, and the cross section of the via hole 
before etching and the cross sections of the via hole and 
groove after etching were observed by a S EM (scanning 
electron microscope). As a result, it was confirmed that 
although the CF film was deposited on the bottom and 
side wall of the via hole before etching, the embedding 
of the CF film into the via hole and the deformation of 
the via hole did not appear after etching, so that a dual 
damascene shape was formed. 
[0060] In addition, the top dielectric film was changed 
to each of an SiLK film, a BCB film, an FLARE film, an 
organic SOG film, an HSQ film, an MSQ film and porous 



silica to produce semiconductor devices in the same 
manner. As a result, since the SiLK film and so forth 
have an etch selectivity which is different from that of 
the Si0 2 film although the embedded amount of the top 

5 dielectric film into the via hole is changed by changing 
the kind of the solvent and the number of revolution of 
the wafer W, it was confirmed that even if the top die- 
lectric film was deposited on most of the via hole, if the 
etching time for the top dielectric film was increased, it 

10 was possible to remove the top dielectric film in the via 
hole white inhibiting the shape of the via hole from being 
changed, so that it was possible to form a dual da- 
mascene shape. 

[0061 ] A further preferred embodiment of the present 

15 Invention will be described below. 

[0062] This preferred embodiment was made by find- 
ing that even if bottom and top dielectric films substan- 
tially have the same etch selectivity, if a thin film having 
an etch selectivity which is different from those of these 

20 dielectric films is provided between the bottom and top 
dielectric films, even if the top dielectric film is deposited 
on a part or all of a via hole, if an etching time is in- 
creased to some extent when the top dielectric film is 
etched, the top dielectric film in the via hole can also be 

25 removed without changing the shape of the via hole. 
[0063] Referring to FIGS. 14 and 15, as an example 
of this preferred embodiment, a semiconductor device 
having a bottom dielectric film of a CF film 9 and a top 
dielectric film of a CF film 4 will be described in detail. 

30 FIG. 14(a) shows a state that a CF film 9 is deposited 
on a substrate 2 by the same manner as that in the 
above described preferred embodiment. This CF film 9 
is formed in, e.g., the above described plasma treatment 
system, by activating thin-film deposition gases, e.g., 

35 g 4^b 9 as and C 2 H 4 9 as » as plasrnas. 

[0064] Then, as shown in FIG. 14(b), a hard mask 85 
of, e.g., an SiC film, is formed on the top face of the CF 
film 9, and a resist 73 is applied, exposed and devel- 
oped. The hard mask 85 is formed in, e.g., the above 

40 described plasma treatment system, by activating thin- 
film deposition gases, e.g., SiH 4 gas and C 2 H 4 gas, as 
plasmas. Thereafter, as shown in FIG. 14(c), a CF con- 
taining gas is used as an etching gas for etching the hard 
mask 85, and subsequently, 0 2 gas or H 2 gas is used 

45 as an etching gas for etching the CF film 9 to form a via 
hole 91. 

[0065] Then, as shown in FIG. 15(a), the CF film 4 is 
deposited on the top face of the hard mask 85. Similar 
to the above described preferred embodiment, the CF 
50 film 4 is formed in, e.g., the above described plasma 
treatment system, by introducing a plasma gas, e.g., Ar 
gas, and thin-film deposition gases, e.g., C 4 F 8 gas and 
C 2 H 4 gas, at flow rates of 150 seem, 40 seem and 30 
seem, respectively, and activating the thin-film deposi- 
ts tion gases as plasmas at a microwave power of 2.7 kW, 
at a bias power of 0 kW and at a substrate temperature 
of 300 °C to 350 °C. By this thin-film deposition, the CF 
film 4 is deposited on, e.g., a part of the bottom and side 
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wall of the via hole 91 as described above. 
[0066] Then, as shown in FIG. 15(b), similar to the 
above described preferred embodiment, a hard mask 
83 of, e.g., an Sic film, is formed on the top face of the 
CF film 4, and a resist 72 is applied, exposed and de- 
veloped. Thereafter, a CF containing gas is used for 
etching the hard mask 83, and 0 2 gas or H 2 gas is used 
for etching the CF film 4 to form a groove 4 (see FIG. 
15(c)). At this time, the etching time for the CF film 4 is 
set to be longer than the time required to etch the CF 
film 4, by a predetermined period of time. 
[0067] If such an over etching is carried out, the CF 
film existing in the via hole 91 is also etched and re- 
moved. At this time, both of the bottom and top dielectric 
films are formed of the CF film, so that the etch selec- 
tivities of both films are the same. However, the hard 
mask 85 of the SiC film is provided between both films, 
and the hard mask 85 has an etch selectivity which is 
different from that of the CF film, so as to prevent the 
CF film 9 below the hard mask 85 from being etched. In 
addition, since the CF film 4 is vertically etched, only the 
etching of the CF film in the via hole 91 proceeds, so 
that the side wall of the via hole 91 is not scraped . More- 
over, the bottom of the via hole 91 is the substrate 2 
which has an etch selectivity which is different from that 
of the CF film, the bottom of the via hole 91 is not 
scraped. 

[0068] Therefore, only the CF film 4 existing in the via 
hole 91 can be removed without changing the shape of 
the via hole by the over etching, and the removed 
amount of the CF film adhering in the via hole 91 can 
be adjusted by adjusting the etching time for the CF film 
4. For that reason, when the bottom and top dielectric 
films are the same kind of dielectric films, even if the top 
dielectric film is embedded in the via hole during the dep- 
osition of the top dielectric film, it is possible to form a 
dual damascene shape. 

[0069] In the above described example, since the 
hard mask of the dielectric film is utilized as the dielectric 
film which is provided between the bottom and top die- 
lectric films and which has the different etch selectivity 
from those of the bottom and top dielectric films, there 
is an advantage in that it is not required to newly form 
the dielectric film having the different etch selectivity. In 
this preferred embodiment, the dielectric film having the 
different etch selectivity may be formed separately from 
the hard mask. 

[0070] In addition, asshown in, e.g., FIG. 16(a), acov- 
er film may be formed so as to cover the whole surface 
of the CF film 9 serving as the bottom dielectric film, i. 
e., the whole surface of the side wall and bottom of the 
via hole 91 . A cover film 200 is formed of, e.g., an SiN 
film or SiC film, which have an etch selectivity which is 
different from that of the CF film serving as the bottom 
dielectric film. The cover film 200 is formed in, e.g., the 
above described plasma deposition system, by activat- 
ing a predetermined thin-film deposition gas as a plas- 
ma. At this time, the cover film 200 can be deposited on 



the side wall and bottom of the via hole 91 by applying 
a predetermined bias power. 

[0071] In this case, as subsequently shown in FIGS. 
1 6(b) and 1 6(c), similar to the above described preferred 

5 embodiment, a CF film 4 serving as a top dielectric film 
is deposited on the surface of the cover film 200, and 
then, the over etching of the CF film 4'is carried out to 
remove the CF film 4 which has been deposited in the 
via hole 91 during the formation of a groove 41 and the 

10 deposition of the CFfilm 4. Thereafter, as shown in FIG. 
16(d), an etching gas, e.g., CF 4 or C 4 F 8 gas, is used for 
removing the cover film 200. 

[0072] This preferred embodiment can also be ap- 
plied to a case where the top dielectric film is, e.g., a 

is coating film, such as an SiLKfilm, a BCBfilm, an FLARE 
film, an organic SOG film, an HSQ film, an MSQ film or 
porous silica, or a parylene or methylsilane film, and the 
kind of the top dielectric film is different from that of the 
bottom dielectric film. 

20 [0073] A semiconductor device comprising a bottom 
dielectric film of a CF film having a thickness of 5000 
angstroms, a top dielectric film of a CF film having a 
thickness of 5000 angstroms, a hard mask, which was 
provided between both dielectric films and which was a 

25 bottom dielectric film having a thickness of 500 ang- 
stroms, a via hole having a diameter of 0.5 um and a 
groove having a width of 0.4 um was produced by the 
above described process by setting an etching time for 
the CF film to be 1 .3 times as long as a usual etching 

30 time, and the cross section of the via hole before etching 
and the cross section of the via hole after etching were 
observed by a SEM. As a result, it was confirmed that 
although the CF film was deposited on the bottom and 
side wall of the via hole before etching, the embedding 

35 of the CF film into the via hole and the deformation of 
the via hole did not appear after etching, so that a dual 
damascene shape was formed. 

[0074] In addition, the top and bottom dielectric films 
were changed to SiLK films, BCB films, FLARE films, 

40 organic SOG films, HSQ films, MSQ films and porous 
silica to produce semiconductor devices in the same 
manner. As a result, although the embedded amount of 
the top dielectric film into the via hole is changed by 
changing coating conditions, it was confirmed that even 

45 if the top dielectric film was embedded in most of the via 
hole, if the etching time for the top dielectric film was 
increased, it was possible to remove the top dielectric 
film in the via hole white inhibiting the shape of the via 
hole from being changed, so that it was possible to form 

50 a dual damascene shape. 

[0075] According to the present invention, as the thin- 
film deposition gas for the CF film having the bad em- 
bedded characteristic, C 4 F 8 gas, C 5 F 8 gas, C 6 F 10 gas 
and C 6 H 5 CF 3 gas may be used in addition to C 6 F 6 gas. 

55 in addition, the CF film forming method should not be 
limited to the method for forming the CF film by produc- 
ing plasma by the ECR, but it may be formed using a 
system for producing a plasma called ICP (Inductive 
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groove, in which a metal is embedded for form- 
ing a wiring, so that said groove contacts at 
least a part of said via hole. 

5 2. A method of manufacturing semiconductor device 
as set forth in claim, 1 , wherein said step of forming 
said top dielectric film using said thin-film deposition 
material having the bad embedded characteristic is 
a step of forming a fluorine containing carbon film 
10 as said top dielectric film using a thin-film deposition 
material which is a compound of carbon and fluorine 
and which has a bad embedded characteristic. . 

3. A method of manufacturing semiconductor device 
is as set forth in claim 2, wherein said thin-film depo- 
sition material which is the compound of carbon and 
fluorine and which has the bad embedded charac- 
teristic is hexafluorobenzene. 

20 4. a method of manufacturing semiconductor device 
as set forth in claim 1 , wherein said step of forming 
said top dielectric film using said thin-film deposition 
material having the bad embedded characteristic is 
a step of activating a thin-film deposition material, 
25 which is a compound of carbon and fluorine and 
which has a bad embedded characteristic, as a 
plasma which forms a fluorine containing carbon 
film as said top dielectric film. 

30 5. A method of manufacturing semiconductor device 
as set forth in claim 4, wherein said thin-film depo- 
sition material which is the compound of carbon and 
fluorine and which has the bad embedded charac- 
teristic is hexafluorobenzene. 

35 

6. A method of manufacturing semiconductor device 
as set forth in claim 1 , wherein said top dielectric 
film is formed so as to straddle an opening of said 
via hole. 

40 

7. A method of manufacturing semiconductor device 
as set forth in claim 1 , wherein said thin-film depo- 
sition material having the bad embedded character- 
istic is a thin-film deposition material having an em- 

45 bedded characteristic which deteriorates under pre- 
determined thin-film deposition conditions. 

8. A method of manufacturing semiconductor device 
as set forth in claim 7, wherein said predetermined 

50 thin-film deposition conditions depend on a thin-film 
deposition pressure and a thin-film deposition tem- 
perature which are set in accordance with said thin- 
film deposition material. 
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Coupled Plasma) or the like by a method for applying 
electric and magnetic fields to a process gas from a coil 
wound onto a dome-shaped container. 
[0076] In addition, the CFfilm may be formed by a sys- 
tem for producing a plasma called helicon wave plasma 
by the interaction between a helicon wave of, e.g., 13.56 
MHz, and a magnetic field applied by a magnetic coil, a 
system for producing a plasma called magnetron plas- 
ma by applying a magnetic field so that the magnetic 
field is substantially parallel to two parallel cathodes, or 
a system for producing a plasma by applying a high-fre- 
quency power between electrodes called parallel plates 
which face each other. 

[0077] Moreover, the Si0 2 film, in which the via hole 
is formed, is not only formed by the plasma CVD as de- 
scribed above, but it may also be formed by the thermal 
oxidation method or the sol-gel method. The sol-gel 
method is a technique for applying a coating solution, 
which contains colloid of TEOS (tetraethoxysilane: Si 
(C 2 H 5 0) 4 ) diffused in an organic solvent, such as etha- 
nol solution, on the surface of a semiconductor wafer W 
to gel the coating film to dry the coating film to obtain an 
Si0 2 film. In addition, as the adhesion layer formed be- 
tween the Si0 2 film and the CF film, a lamination of an 
SiN film and an SiC film is effectively used since the SiN 
film is greatly adhesive to the Si0 2 film and since the 
SiC film is greatly adhesive to the CF film. However, one 
of these films may be used. 

[0078] In addition, as the film in which the via hole is 
formed, a coating film, such as an SiOF film, an organic 
SOG film, an HSQ film, a BCB film, a polyimide film, an 
F containing polyimide film, a polyallyl ether fluoride, Te- 
flon or cytop, may be used in addition to the Si0 2 film. 
[0079] Moreover, even if a thin-film deposition mate- 
rial having a bad embedded characteristic is used for 
forming a top dielectric film, a so-called over etching 
may be carried out when an etching process for forming 
a groove in the top dielectric film is carried out. 
[0080] As described above, according to the present 
invention, it is possible to produce a semiconductor de- 
vice by a dual damascene method which is a simple 
technique. 



Claims 

1 . A method of manufacturing semiconductor device, 
said method comprising the steps of: 

forming an dielectric film on an object to be 
treated; 

etching said dielectric film to form a via hole 
therein; 

forming a top dielectric film on a surface of said 
dielectric film, in which said via hole has been 
formed, using a thin-film deposition material 
having a bad embedded characteristic; and 
etching said top dielectric film to form therein a 



55 9. a method of manufacturing semiconductor device 
as set forth in claim 1 , wherein said dielectric film is 
an interlayer dielectric film in a semiconductor de- 
vice having a multi- layer metallization structure. 
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10. A method of manufacturing semiconductor device 
as set forth in claim 1 , wherein said top dielectric 
film is a fluorine containing carbon film. 

11. A method of manufacturing semiconductor device 
as set forth in claim 1 , wherein said top dielectric 
film is a coating film. 

12. A method of manufacturing semiconductor device 
as set forth in claim 1 1 , wherein said coating film is 
selected from the group consisting of an organic 
SOG (Spin on Glass) film, an HSQ (Hydrogen 
Silsesquioxane) film, a BOB (Bisbenzocy- 
clobutene) film, a polyimide film, an F containing 
polyimide film, a polyallyl ether fluoride film, a Teflon 
film and a cytop film. 

13. A method of manufacturing semiconductor device, 
said method comprising the steps of: 

forming an dielectric film on an object to be 
treated; 

etching said dielectric film to form a via hole 
therein; 

forming a top dielectric film having an etch se- 
lectivity, which is different from that of said die- 
lectric film, on a surface of said dielectric film in 
which said via hole has been formed; 
etching said top dielectric film to form therein a 
groove, in which a metal is embedded for form- 
ing a wiring, so that said groove contacts at 
least a part of said via hole; and 
etching said top dielectric film for a predeter- 
mined period of time after said etching of said 
top dielectric film is completed, so that said top 
dielectric film deposited in said via hole is 
etched to be removed. 

14. A method of manufacturing semiconductor device 
as set forth in claim 13, wherein said top dielectric 
film is formed so as to straddle an opening of said 
via hole. 

15. A method of manufacturing semiconductor device 
as set forth in claim 13, wherein said dielectric film 
is an interlayer dielectric film in a semiconductor de- 
vice haying a multi-layer metallization structure. 

16. A method of manufacturing semiconductor device 
as set forth in claim 13, wherein said top dielectric 
film is a fluorine containing carbon film. 

17. A method of manufacturing semiconductor device 
as set forth in claim 13, wherein said top dielectric 
film is a coating film. 

18. A method of manufacturing semiconductor device, 
said method comprising the steps of: 



forming an dielectric film on an object to be 
treated; 

etching said dielectric film to form a via hole 
therein; 

s forming a thin film having an etch selectivity, 

which is different from that of said dielectric film, 
on a surface of said dielectric film in which said 
via hole has been formed; 
forming a top dielectric film on a surface of said 

10 thin film; 

etching said top dielectric film to form therein a 
groove, in which a metal is embedded for form- 
ing a wiring, so that said groove contacts at 
least a part of said via hole; and 
etching said top dielectric film for a predeter- 
mined period of time after said etching of said 
top dielectric film is completed, so that said top 
dielectric film deposited in said via hole is 
etched to be removed. 

20 

19. A method of manufacturing semiconductor device 
as set forth in claim 18, wherein said top dielectric 
film is formed so as to straddle an opening of said 
via hole. 

25 

20. A method of manufacturing semiconductor device 
as set forth in claim 18, wherein said dielectric film 
is an interlayer dielectric film in asemiconductorde- 
vice having a multi-layer metallization structure. 

30 

21. A method of manufacturing semiconductor device 
as set forth in claim 18, wherein said top dielectric 
film is a fluorine containing carbon film. 

35 22. A method of manufacturing semiconductor device 
as set forth in claim 18, wherein said top dielectric 
film is a coating film. 



40 



45 



50 



55 



11 



EP 1 120 822 A1 



(a) 



(b) 



(c) 



(d) 



-3 
-2 





7 

31 



O26AS 
(III 




F I 6. 2 



13 



EP1 120 822 A1 



(a) 



(b) 



(c) 



(d) 




d£2u^ 3 



31 




14 



EP 1 120 822 A1 




31 



F I 6. 4 



15 



EP 1 120 822 A1 




F I G. 5 



16 



EP 1 120 822 A1 




FIG. 6 



17 



EP 1 120 822 A1 



CeF 6 GAS 







Cu 







91 

F I G. 8 



18 



EP1 120 822 A1 




F I 6. 9 



19 



EP1 120 822 A1 



tl 

a in w 



no 



m 




112 




w 



AVWWVWWWWWN 




I 

W 



F I 6. 10 



) 

20 



EP1 120 822 A1 




31 



FIG. II 



21 



EP 1 120 822 A1 



COATING FILM 


HARD MASK 


ETCHING GAS 


INSULATING 
FILM 


SiLK 


S102, SiOF 
SiN. UN 
HSQ. MSQ 
ORGANIC SOG 
POROUS SILICA 


02 GAS 

or 
H2 GAS 


SiOa, SiOF 
SiN, HSQ 
MSQ. 

ORGANIC SOG 
POROUS SILICA 


BCB 


FLARE 


SiOz. SiOF 
HSQ. MSQ 


HSQ 


PHOTORESIST 


CF CONTAINING 
GAS 


SiLK 

BCB 

FLARE 

CF 

SiOs 

SiN 


MSQ 


ORGANIC SOG 


PHOTO- 
RESIST/ 
/SiOz 


POROUS SILICA 



F I G. 12 



22 



EP1 120 822 A1 




F I <3. 13 



23 



• ft 

EP 1 120 822 A1 




24 



EP 1 120 822 A1 




EP1 120 822 A1 




91 



F I 6. 16 



26 



EP1 120 822 A1 




EP1 120 822 A1 




EP 1 120 822 A1 



ORGANIC S06 


4 j - u r 


POLYIMIDE 


— rRt — N Ro N+- 


F CONTAINING 
POLYIMIDE 


— I-R, — C — R.— N R — C— -Ro kjJU- 

I CF 3 "CO' 2 CF3 *<»' I 


BCB 


, CH3 CH 3 , 

1 ^"Vsr ch=ch— si— o— si — ws-rar' CH T 


POLYALLYL 

FTWPR 

C I ntn 
FLUORIDE 


/ ' F F F F > 

— hR — 0 — ^oW5&- 0 4- 
V F FF F Jn 


F CONTAINING 
rALcnllM 




TEFLON 


V CF 3 -CF 3 ;n 


CYTOP 


— CF 2 ~CF CF- (CF 2 ) X 4- 
l S <CF 2 )y" J, 



FIG. 19 



29 



EP1 120 822 A1 



INTERNATIONAL SEARCH REPORT 


International application No. 




PCT/JP94/Q4741 


A. CLASSIFICATION OF SUBJECT MATTER 




Int. CI 6 H01L21/3205, HG1L21/768 





According to International Patent Classification (IPC) or to both national dasriftcntnm and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by c4assificatieit symbols) 
Int^Cl* H01L21/31-21/3213, tt01L2l/76a 



Documentation searched) other than minimum documentation to the extent that suc^documeots are included in the f3olda searched 
Jitsuyo Shinan Konb 1922.-1996 Torokti Jitsuyo Shi nan Koho 1994 -199a 

Kbkai Jitsuyo Shlnan Koho 1971-1999 Jitsuyo Shinan Toroku Koho 199£-1999 

Electronic data base consulted during the international search (name of dam base and; where practicable, search terms used)" 



C. DOCUMENTS CONSIDERED TO DE RELEVANT 



Category* 



Citation of o^umerit,-with. indication, where appropriate, of the relevant passages 



Relevant to claim No. 



A 



JP, 3-19B327, A (Fujitsu Limited^, 
29 August, 1991 (29.08.91), 

Page 12, lower right column, line .10 to. page 13 r lower 
right column, line 6? Pig. 8 

Page 12, lower right column, line 10 tor page 13 f lower 

right column, line 6; Fig. a 

& EP, 435187, A & US, 5169800, A 

JP, 6-53161, A (NEC Corporation) , 

25 February, 1994. (25.02.94), 

Full text; Figs. 1, 2 (Family: none)-- 

JP, 9-246264, A (International business Machines Corp.}.*. 
19 September, 19.97 (19.09.97), 
Full text; Figs. 1-3 

& US, 5942769, A & US, 594515^, A 
& KR, 97063568, A 



1-12 
13-22 



1-22: 



1-10,13-lcT. 
18-2T 



Further documents are listed in the continuation of Box C. FT t S tfff p a tent f a m i ly annex. 



* Special categories of cited documents: 
A" document defining the general state of the ait which ia not 

oonsidered to be of particular relevance 
"E" earlier document but published on or after the international filing 
date 

m V document which may throw doubts on priority claim(&) ox which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

"O* do eu m ml referring to* an oral disclosure) use* exhtbtlioB or other 



*V document published prior to the international filing date but later 
than the priority date clnimrd 



I published tiler the Fntemstional fiShg date or 
t in conflict with- the application but cited to 
understand the principle or theory underlying the- invention 
"XT docuiscirt of pmicuhir relevance; the claimed invention cannot be 
considered" rtovtl or cannot be considered to involve* air inventive 
step. when, dicdocuinent is taken alone 
"Y" docume^ of particular relevance; the c lai ired. invention caiiikk be 
consfdered to Involve en inventive step when the document Is 
combin e d w ith on e a» more other such d ocuments ( mch 
coinbu ution betnj "obvious to a person skilled in the art* 
document member, of the same patent (amity 



Date of die actual completion of the international search 
30 November, 1999 (30.11.99) 



Date of mailing of the international search report" ~ 
^ December, 199* (0-7. 12-. 99) 



Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 



Authorized officer . 
Telephone No-. 



FomrPCT/ISA/210 (second sheet) (July 1992) 



30 



EP1 120 822 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP99/04741 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



PY 



PY 



EY 



JP, 9-55429, A (NEC Corporation), 
25 February, 1997 (25.02.97), 
Full text; Figs. 13 

& GB, 2304231, A & US, 5717251, A 
& KR, 97013221, A 

JP, 10-261707, A (Sony Corporation) , 

29 September, 1996 (29.09.98), 

Full text; Figs. 1-8 (Family: none) 

JP, 11-176935, A (Sony Corporation,}, 

02 July, 1999 (02.07.99), 

Full text; Figs. 1-8 (Family: none) 

JP, 11-297820, A (NEC Corporation), 

29 October, 1999 (29.10.99), 

Full text; Figs, l-ll (Family: none> 



11,12,17,22 



1-22. 



1-22 



1-22 



Form PCT/1SA/210 (continuation of second sheet) (July 1992) 



31 



